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Abstract: The sex differences in malnutrition and hypertension during adolescence is largely
inconclusive. There is also a paucity of data on the sex-specific correlates of malnutrition and
hypertension for adolescents. Hence, this study aimed to assess the association between malnutrition,
pre-hypertension/hypertension (PHH) and sex among adolescents. The study also aimed to determine
and contrast the factors associated with these risks in Ghana. We analysed data of non-pregnant
adolescent girls (n = 857) and adolescent boys (n = 870) aged 15–19 years from the 2014 Ghana
Demographic and Health Survey (DHS). We modelled the prevalence risk ratio (PRR) of malnutrition
and PHH using Cox proportional hazard models. Compared to adolescent girls, boys were more
than twice likely to be stunted (PRR = 2.58, 95% C.I (1.77, 3.76)) and underweight (PRR = 2.67, 95%
C.I (1.41, 5.09)) but less likely to be overweight/obese (PRR = 0.85, 95% C.I (0.08, 0.29)). Boys were
also about twice likely to have PHH (PRR = 1.96, 95% C.I (1.47, 2.59)) compared to their female
peers. Girls were more at risk of the detrimental effects of poor education on stunting and PHH.
Empowerment index while protective of stunting for girls (PRR = 0.82, 95% C.I (0.67, 0.99)) also
increased their risk of overweight/obesity (PRR = 1.31, 95% C.I (1.02, 1.68)). A higher household
wealth index (HWI) increased the risk of overweight/obesity for adolescent girls but was protective of
stunting and PHH for adolescent boys. Improvement in household water, hygiene, and sanitation
(WASH) reduced the risk of stunting by 15% for adolescent boys. Overall, our findings suggest a
double-burden of malnutrition with an up-coming non-communicable disease burden for adolescents
in Ghana. Our indings may also be highlighting the need to target adolescent boys alongside girls in
nutrition and health intervention programmes.
Nutrients 2020, 12, 2737; doi:10.3390/nu12092737 www.mdpi.com/journal/nutrients
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1. Introduction
There are more adolescents in the world than ever, particularly in South-East Asia and Sub-Saharan
Africa and the life stage of adolescence (approximately from 10–19 years) is receiving growing attention
in international development [1]. About a quarter of the Ghanaian population is adolescents (aged
10–19 years) with the proportion of male adolescents (23.2%) slightly higher than female adolescents
(21.7%) [2]. Adolescence is a period of rapid growth and maturation from childhood to adulthood,
second to the 1000 days of life [3]; this period is characterised by an increase in nutrient requirements [4].
The association between malnutrition and sex is inconclusive, mainly [5]. However, Abarca-Gómez
et al. [6] in their analysis of the worldwide trend in body-mass index (BMI), showed that 5–19 years
girls in many sub-Saharan African countries have consistently had a higher BMI than their male
counterparts from 1975 to 2016. Furthermore, Manyanga et al. [7], in their analysis of the Global
School Health Survey data for Africa, reported a higher prevalence of overweight for adolescent girls
compared to boys in all countries except for Egypt and Malawi. On the contrary, adolescent boys had a
higher prevalence of underweight than girls for every country in the analysis of Manyanga et al. [7].
In the 2014 Ghana Demographic and Health Survey (GDHS) report [8], 15–19 years adolescents
boys compared to their female peers were reported to have a higher prevalence of stunting and
underweight while the girls had a higher overweight prevalence. Emerging data from Ghana has also
shown varied and relatively higher prevalence rates of stunting (15–50.3%), underweight (7–19.4%),
and overweight/obesity (6.9–17%) among adolescent males and females depending on the context in
which the study was conducted [9–12]. Although these studies are limited by their cross-sectional
design and geographical scope, which mainly includes the metropolitan areas of Accra and Kumasi;
the general conclusion is that Ghanaian adolescent boys are often worse off regarding stunting and
underweight compared to their female peers. In contrast, adolescent girls are said to be more at risk of
overweight in Ghana compared to their male colleagues.
Literature from Ghana [9–11] has identified poor parental education as a factor associated with
undernutrition for adolescents. Moreover, poor sanitation, inadequate dietary intake and household
food insecurity are well-known correlates of stunting and underweight among adolescents [5].
While rural residence is linked to undernutrition, residing in an urban setting has been linked with a
higher likelihood of overnutrition [5–7]. Similarly, poor socioeconomic status is positively associated
with undernutrition but inversely associated with overnutrition [5,6,10,11]. The increasing burden
of overweight and obesity has also been attributed to the increasing consumption of “fast foods”
loaded with fats, increasing consumption of sugar-sweetened carbonated drinks, and sedentary
lifestyles [10,12–14]. In addition to physical activity [12,15] and dietary habits [14], which are known to
be poorer in adolescent girls in Ghana, no difference between males and females in the other correlates
of malnutrition above have been documented for adolescents.
Regardless of the sex differences in under and over-nutrition, while the persisting rates of
undernutrition undermine the development of Ghanaian adolescents into adulthood, the evolving
burden of over nutrition poses an emerging cardiovascular risk for them [16]. Though there is a scarcity
of data on cardiovascular risk among adolescents in Ghana, two cross-sectional studies in the Greater
Accra and Ashanti regions reported a higher prevalence of hypertension and pre-hypertension among
adolescent males compared to females [10,12]. Family history of hypertension, low birth weight, and
excess weight are known determinants of hypertension [17]. In a study by Afrifa-Anane et al. [12] in
Ghana, low physical activity and a higher BMI were associated with higher systolic blood pressure.
To the best of our knowledge, no study has examined the sex-specific correlates of the nutritional
status or the cardiovascular risk of female adolescents compared to their male colleagues in Ghana.
The current evidence, as presented, is mostly based on a few cross-sectional studies with relatively
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smaller sample sizes [9–12]. Age and sex-specific data on the health and nutritional status of adolescents
at the national level are urgently needed for policies and programmes for improving the health and
nutritional status of adolescents [18]. Hence, the primary objective of this study was to assess the
association between malnutrition, pre-hypertension/hypertension (PHH) and sex among adolescents.
The study also aimed to determine and contrast the associated factors among the adolescents in Ghana
using national representative data from the 2014 Ghana DHS. While contributing to the literature in
the sex differences in malnutrition and cardiovascular risk for adolescents, our analyses may help
explain the factors moderating the differences.
2. Materials and Methods
2.1. Study Design
The 2014 Ghana DHS data were analysed in this study. The Ghana DHS used a multistage
random sampling approach, including both rural and urban areas in all the regions of Ghana. In the
multistage sampling, clusters were first selected randomly, followed by a random selection of a
community in each cluster; all households in the community selected were interviewed. The 2014
Ghana DHS data included anthropometric data (weight and height) as well as data on systolic and
diastolic blood pressure of both adolescent females and males aged 15–19 years, as well as data on
demographics, fertility, household characteristics, nutrition, and health. These data are in the public
domain and available from the DHS MEASURE website, and details about the surveys can be found in
the DHS Methodology report [19]. The Ghana Health Service Ethical Review Committee, Accra, Ghana
approved the DHS, and the data was collected by the Ghana Statistical Service and the Ghana Health
Service. We obtained permission from “DHS MEASURE” to download and analyse the data, and no
further ethical approval was required because anonymous identifiers were used in coding the DHS
data. The population for analyses included non-pregnant adolescent girls (n = 857) and adolescent
boys (n = 870) aged 15–19 years.
2.2. Malnutrition and Hypertension
2.2.1. Anthropometric Indicators
We computed height-for-age z-score (HAZ) and body-mass-index for-age z-score (BAZ) using
WHO AnthroPlus (version 1.0.4). We defined stunting (HAZ < −2SD), underweight (BAZ < −2SD),
normal weight (−2SD ≤ BAZ ≤ +1SD), overweight (+1SD < BAZ < +2SD), and obesity (BAZ ≥ +2SD)
as recommended [20].
2.2.2. Blood Pressure and Hypertension
Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured in triplicates
in the Ghana DHS. We computed and used the mean of SBP and as well as DBP in our analysis of
blood pressure (BP) and cardiovascular risk. We defined cardiovascular risk as pre-hypertension
or hypertension (PHH). In conformity with the US National Heart, Lung, and Blood Institute’s
recommended cut-off points, we defined hypertension as SBP and/or DBP ≥ 95th percentile for sex,
age and height [21]. Pre-hypertension was also defined as BP ≥ 120/80 mmHg and/or SBP/DBP ≥ 90th
percentile but <95th percentile for sex, age, and height [21].
2.3. The Conceptual Framework for the Analyses
The theoretical framework for our analysis was based on Madjdian et al. [5] and Lassi et al. [22].
The framework of Madjdian et al. (2018) postulates that border community-level factors such as type
of residence and ecological zone exert an influence on the household characteristics which tend to
affect some of the individual-level determinants of nutrition and health. The framework of Lassi et al.
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(2017) asserts that women empowerment, water, and sanitation are mediating factors in improving the
nutrition of adolescents and young women.
2.3.1. Individual-Level Variables
Variables analysed at the individual level included age, religion, ethnicity, education assessed as
the number of completed years of schooling as well as categorical, marital status and, the relationship
of the adolescent to the household head. We also included dichotomous variables for whether the
adolescent ever had a child, and experienced sex. The variables for the working life of the adolescent
included a categorical variable for the type of occupation and a dichotomous variable for any paid
work in the past year. Lifestyle factors in the analysis included the frequency of watching TV and of
listening to the radio in the past week. Furthermore, the analysis included health-seeking behaviour
factors, including having visited a health facility in the last 6 months, sleeping under a mosquito
net, and being covered by the Ghana National Health Insurance Scheme (NHIS). Data on dietary
intake included the frequency (days) of the consumption of fruits and of vegetables in the past week.
Covariates for BP assessment in the data included binary variables (yes/no) for any form of physical
activity, smoking, coffee intake, and food intake 10 min before the measurement. The data also
included the household consumption of salty foods in the last 24-h including (1) broth cubes added to
food, (2) processed canned meat/fish/legume, (3) salted dried fish/koobi/kako, and (4) any other salty
ingredients. A summated score comprising the four listed salty food items denoted the household
salty food consumption (SAFC); a proxy for the salt intake of our sample. In the SAFC, a score of 1 else
0 was assigned if the household consumed any of the listed salty food items in the last 24-h. The SAFC
ranged from 0 to 4; a higher score reflecting a higher salty food consumption by the household.
We created indexes of attitude towards wife-beating as well as of property ownership of the
adolescent to reflect autonomy and empowerment similar to Amugsi and colleagues [23]. In the
attitude towards wife-beating index, a score of 1 else 0 was assigned to a "no" answer to the following
questions; wife-beating or hitting is justified if she (1) “goes out without telling him”, (2) “neglects the
children”, (3) “argues with him”, (4) “refuses to have sex with him”, and (5) “burns the food”. A higher
score for the adolescent girl meant she was more empowered; but for adolescent boys, it implied, he
was more caring and tolerable. Similarly, in the index of property ownership, a score of 1 else 0 was
assigned if the adolescent was allowed to own (1) land or (2) a house alone or jointly. The attitude
toward wife beating index ranged from 0 to 5 while the property ownership index ranged from 0 to 2.
Lastly, a summated empowerment index combined the attitude towards wife-beating and property
ownership indexes; the index ranged from 0 to 7 with a higher score implying more empowered.
Supplementary Table S1 illustrates the empowerment index.
2.3.2. Household-Level Variables
Household related covariates included the household size, number of children under-five years
in the house, the number of persons in the household covered by the NHIS, the age and sex of
the household head, and the socioeconomic status of the household defined by the wealth index
quintile of the household. In brief, the household wealth index (HWI) in the DHS was computed with
the household’s ownership of selected assets, such as TV and bicycles; materials used for housing
construction; and types of water access and sanitation facilities and cooking fuel [19]. Furthermore,
dichotomous variables for the household ownership of land and farm animals were included. In the
analysis, we also computed and used the mean years of education of household members as a
continuous variable.
Lastly, based on the available data, we constructed a composite index of improved household
water, hygiene, and sanitation (WASH), which ranged from 0 to 8 by aggregating scores for an improved
sanitation index (SI), improved water index (WI), and improved household hygiene index (HHI).
The WASH followed the WHO/UNICEF (2006) [24] guidelines on improved household water and
sanitation in the prevention of oral–faecal contamination. The SI ranged from 0 to 2, whereby access to
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an improved toilet facility was scored 1 else 0, household not sharing the toilet facility with others was
scored 1 else 0. The WI also ranged from 0 to 3 with a score of 1 else 0 assigned if (1) the household has
access to an improved source of drinking water, (2) the round-trip water haulage time between the
household and water source was ≤30 min, and (3) water was treated before drinking by the household.
Lastly, the HHI ranged from 0 to 3 and included a score of 1 else 0 for the availability of (1) a place
for washing hands in the household, (2) water for washing hands in the household, and (3) soap
and detergents for washing hands in the household. Similar indexes have been used in previous
studies [25,26]. The details of the WASH index can be found in the online Supplementary Material
(Table S3).
2.3.3. Broader Community and Environmental Variables
The region of residence was recoded into 3 agro-ecological zones [27] for the analyses including
(1) Guinea/Sudan savannah (Northern, Upper East, and Upper West Regions), (2) coastal savannah
(Central, Greater Accra, and Volta Regions), and (3) Forest zone (Brong Ahafo, Ashanti, Western, and
Eastern Regions). The type of residence (rural or urban) was also included in the analysis. The DHS
data defined rural areas as countryside while town and cities were classified as urban [19]. Finally,
we included a dichotomous variable for access to a health program for adolescents accessing health
services in our analysis.
2.4. Statistical Analysis
Descriptive statistics were presented as percentages for dichotomous/categorical variables and as
means (standard errors) for continuous variables. Differences between groups in continuous variables
were tested using one-way ANOVA (GLM function in SAS) or the Mann–Whitney test where necessary
(for skewed data). In contrast, differences between groups for dichotomous/categorical variables were
tested with the Rao–Scott Chi-Square Test. Cox proportional hazard models (stunted vs. not stunted,
underweight vs. normal weight, overweight/obese vs. normal weight, and PHH vs. normotensive)
using “PROC SURVEYPHREG” in SAS were subsequently fitted to compare the risks and to identify
the predictors of malnutrition and cardiovascular risk status. The effect measured was the prevalence
risk ratios (PRR). Cox and Poisson models have more robust variance and are thus better alternatives
than logistic regression in cross-sectional data analysis [28,29]; explaining our choice of PRR with Cox
proportional hazard models.
In stratified bivariate analyses by sex, we determined the univariate associations of the different
independent variables with the outcome variables. Variables from the bivariate analysis with
p-values ≤ 0.25 were subsequently included in multivariable models for further assessment. Finally,
we conducted a pooled analysis for both males and females. In the pooled analysis, interaction terms
of sex and each of the first-order variables were included, and all interaction terms with p-values ≤ 0.1
were included in the multivariate models for further assessment. The final models were selected based
on the log-likelihood ratio test, Akaike information criteria (AIC), Wald test, and p-value. The variance
inflation factor (<10), as well as the Pearson and Spearman correlation coefficients, were used to assess
multicollinearity in linear regression models. As a result of the complex survey design, we applied the
weighting factors in the DHS data and adjusted for strata and cluster effects in all the analyses by using
the “PROC SURVEY”, function in SAS [30]. A detailed explanation of the weighting procedure can
also be found in the DHS Methodology report [19]. All statistical analyses were conducted with SAS
9.4 (SAS Institute Inc., Cary, NC, USA) and a two-tailed p-value ≤ 0.05 at 95% confidence interval was
considered statistically significant. As a sensitivity analysis, we repeated all the analysis with linear
regression using the “PROC SURVEYREG” command in SAS. In the sensitivity analyses, HAZ, BAZ,
SBP, and DBP were the outcome variables; the results of the sensitivity analyses are presented as online
Supplementary Material (Tables S4 and S5).
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3. Results
3.1. Population Characteristics
The mean age of female adolescents was 16.8 (SE 0.05) years, while that of male adolescents was
17.0 (SE 0.05) years (Table 1). Furthermore, the proportion of adolescent girls who were unemployed
was higher compared to adolescent boys (64.5% vs. 51.2%; p = 0.0001) (Table 1). Table 1 also shows that
the frequency of listening to the radio (1.6 vs. 1.2, p < 0.0001), watching TV (1.4 vs. 1.2; p < 0.0001) were
higher among males compared to females. However, more adolescent girls visited a health facility in
the last six months before the survey compared to adolescent boys (19.2% vs. 10.8%; p < 0.0001). The
results also showed that more adolescent girls were presently married compared to their male peers
(5.7% vs. 0.5%; p <0.0001) (Table 1). The frequency of fruit consumption was higher for girls, but the
frequency of vegetable consumption was somewhat higher for boys. The adolescent boys also had a
higher frequency of watching TV and of listening to the radio. Overall, about a tenth of the adolescents
engaged in some exercise ten minutes before the BP assessment with the proportion of boys marginally
higher compared to the girls (15.4% vs. 9.7%; p = 0.01). Similarly, less than 1% drunk coffee ten minutes
before the BP measurement, with only 0.2% of the boys having smoked. Additionally, about 3.6%
of the adolescent girls were spouses of the household heads. Moreover, more adolescent girls had
experienced first sex compared to adolescent boys (41.1% vs. 26.7%; p < 0.0001) and more adolescent
girls ever had a child compared to boys (10.8% vs. 0.7%; p < 0.0001). Of the adolescents who had
experienced sex, the mean age for boys was lower compared to girls (14.8 vs. 15.3 years; p = 0.001)
(Table 1). Nevertheless, the mean age for adolescents’ girls who ever had a child was lower compared
to boys (16.59 vs. 18.15 yrs.; p = 0.025). With regards to autonomy and empowerment of the adolescent
at the household, the mean autonomy and empowerment index score was higher for males compared
to females (4.55 vs. 3.23; p < 0.0001). There were more adolescent males in male-headed households
compared to their female colleagues (69.4% vs. 59.6%; p = 0.001). The average household size of the
sample was about 5.7 (SE 0.10), and the mean age of household heads for the sample was 49.3 years
(SE 0.55); none of these differed by the adolescent sex (Table 1). Table 1 also shows that the mean
number of children under-five in households of adolescent girls was significantly higher than that
of adolescent boys (p = 0.022). There were no differences in ethnicity, education, HWI, SAFC, mean
household years of education, place of residence, agro–ecological zone, and the proportion of those
covered by the NHIS between the adolescent boys and girls (Table 1).
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Table 1. Population Descriptive Statistics for adolescent boys and girls aged 15–19 years from the 2014 Ghana Demographic Health Survey Data.
Variables













Nutritional status and blood pressure
Arm circumference (cm) 26.00 0.12 26.31 0.18 25.68 0.17 <0.0001
Weight (kg) 54.17 0.25 53.42 0.32 54.91 0.39 <0.0001
Height (cm) 162.22 0.23 158.28 0.23 166.15 0.31 <0.0001
Age (years) 16.89 0.04 16.83 0.05 17.00 0.05 0.048
BMI (kg/m2) 20.54 0.07 21.30 0.11 19.78 0.09 <0.0001
BAZ −0.28 0.02 0.03 0.03 −0.59 0.04 <0.0001
HAZ −0.83 0.03 −0.64 0.03 −1.01 0.04 <0.0001
Systolic blood pressure (mmHg) 110.49 0.33 107.52 0.45 113.48 0.46 <0.0001
Diastolic blood pressure (mmHg) 68.52 0.25 69.22 0.39 67.83 0.31 <0.0001
Dietary intake and lifestyle
Frequency of listening to radio in the past week 1.40 0.03 1.25 0.03 1.55 0.04 <0.001
Frequency of watching television in week the past week 1.32 0.03 1.21 0.04 1.42 0.05 <0.001
Frequency of fruit intake in the past week 2.97 0.09 3.04 0.11 2.90 0.12 0.001
Frequency of vegetable intake in the past week 3.58 0.10 3.26 0.11 3.89 0.14 <0.001
Health seeking behaviour
Visited a health facility in the last 6 months 2 15.0 19.2 10.8 <0.0001
Slept under mosquito bed net 2 28.5 - -
Covered by National Health Insurance Scheme (NHIS)
(yes) 2 55.6 56.9 54.4 0.43
Blood pressure related covariates
Eaten in the past 10 minutes 2 52.9 58.9 46.9 0.0001
Had coffee in the past 10 minutes 2 0.7 1.1 0.4 0.16
Smoked in the past 10 minutes 2 0.1 0 0.2 -
Exercised in the past 10 minutes 2 12.6 9.7 15.4 0.01
SAFC 1.55 0.03 1.58 0.04 1.51 0.05 0.70
Demographics
Religion 2 0.003
Christian 78.7 80.6 76.8
Muslim 16.9 17.1 16.6
Other 4.4 2.3 6.6
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Table 1. Cont.
Variables














Akan 50.6 49.3 51.9
Mole-Dagbani 14.9 16.6 13.3
Other 34.5 34.1 34.8
Highest year of education 2.98 0.03 3.01 0.08 2.95 0.08 0.012
The highest educational level of adolescent 2 0.11
No education 3.2 3.8 2.5
Primary school 22.1 23.7 20.5
Secondary education/Higher 74.7 72.5 77.0
Occupation of adolescent 2 0.0001
Unemployed 57.8 64.5 51.2
Agriculture/unskilled labour 31.4 26.9 35.9
Skilled labour 10.7 8.6 12.9
The adolescent is currently in paid work 2 38.9 33.1 44.7 0.001
Decision making and empowerment indices
Summated empowerment index 3.91 0.05 3.23 0.06 4.55 0.05
Fertility, Marriage and Family Relations
The adolescent has experienced sex already 2 33.9 41.1 26.7 <0.0001
Age at first sex 15.10 0.11 15.28 0.11 14.83 0.22 <0.001
The adolescent has a child 2 5.8 10.8 0.7 <0.0001
Age with first child 16.68 0.16 16.59 0.15 18.15 0.25 0.025
Total children adolescent has 1.14 0.05 1.16 0.06 1.00 0.00 <0.001
Relation of adolescent to household head 2 0.99
Household head 3.2 1.9 4.5
Spouse 1.8 3.6 N/A
Child (son/daughter) 66.3 62.4 70.2
Grandchild 8.0 8.0 8.0
Other family relation 14.1 15.5 12.6
Non-family relation 6.6 8.6 4.6
Marital status 2 <0.0001
Never married 96.6 93.6 99.5
Currently married 3.1 5.7 0.5
Formerly married 0.3 0.7 0
Household characteristics of the adolescent
Age of household head 49.34 0.55 49.20 0.67 49.48 0.83 0.59
Household size 5.74 0.10 5.70 0.11 5.78 0.13 0.57
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Table 1. Cont.
Variables













Number of children < 5yrs 0.67 0.03 0.72 0.04 0.62 0.04 0.022
WASH index 3.57 0.07 3.57 0.08 3.56 0.09 0.96
Number of household members covered by health
insurance 3.61 0.14 3.57 0.13 3.65 0.22 0.33
Sex of household head (male) 2 64.5 59.6 69.4 0.001
Household wealth index 2 0.27
Poorest 22.8 22.7 22.9
Poorer 20.9 22.0 19.8
Middle 19.2 18.8 19.6
Richer 19.7 17.4 22.0
Richest 17.4 19.1 15.7
Household owns land usable for agriculture 2 49.1 46.1 52.2 0.04
Household owns livestock 2 50.5 48.6 52.4 0.26
Mean household years of education 5.42 0.12 5.28 0.16 5.56 0.13 0.22
Geographical/environmental
Access to a health program for adolescents accessing
health services 2 32.1 30.1 34.2 0.25
Place of residence 2 0.54
Rural 50.4 50.5 51.4
Urban 49.6 49.5 48.6
Agro–ecological zone 2 0.25
Forest 49.5 50.7 48.3
Guinea/Sudan savannah 16.4 17.4 15.3
Coastal savannah 34.1 31.9 36.4
1 Between-group test for boys and girls; 2 Values are percentages; all other values are means and standard errors; BMI, Body mass index, BAZ, Body mass index for-age z-score; HAZ,
height-for-age z-score; SAFC, household salty food consumption score; WASH, Water, Sanitation and Hygiene; N/A, not applicable as none of the adolescent boys was a spouse to the
household head.
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3.2. Malnutrition and Cardiovascular Risk
Adolescent girls had a higher mean mid-upper arm circumference (MUAC) (26.3 vs. 25.6 cm;
p < 0.0001), BAZ (0.03 vs. −0.59; p < 0.0001), and HAZ (−0.64 vs. −1.01; p < 0.0001) compared to
their male colleagues (Table 1). Adolescent males were more stunted (14.2% vs. 6.2%; p < 0.0001)
and underweight (5.4% vs. 1.6%; p = 0.0004) but less overweight/obese (2.4% vs. 11.8%; p < 0.0001)
compared to their female peers (Figure 1).
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Figure 1. Comparison of the prevalence rates of chronic-energy malnutrition between 15–19 years
adolescent boys and girls in Ghana.
Moreover, adolescent males had a higher SBP (113.5 vs. 107.5 mmHg; p < 0.0001) but a lower
DBP (67.8 vs. 69.2 mmHg; p < 0.0001) compared to their female peers (Table 1). Figure 2 shows
that about a fifth of the adolescents were either pre-hypertensive or hypertensive. The proportion
pre-hypertensive (26.4% vs. 14.4%) and hypertensive (0.4% vs. 0.1%) was higher for male compared to
female adolescents.
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Figure 2. Comparison of the prevalence r tes of pre-hypertension and hypertension between 15–19
years adol scent boys and girls in Gha a.
The Cox regression models (Table 2) show that compared to adolescent females, adolescent
males were more than twice likely to be stunted (PRR = 2.58, 95% C.I (1.77, 3.76)) and as well
underweight (PRR = 2.67, 95% C.I (1.41, 5.09)). However, adolescent males were 85% less likely to be
overweight/obese compared to their female peers (Table 3). Moreover, compared to adolescent females,
adolescent males were about twice more likely to be PHH (PRR = 1.96, 95% C.I (1.47, 2.59)) (Table 3).
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Girls (n = 857) Boys (n = 870) Pooled (n = 1727) Girls (n = 857) Boys (n = 870) Pooled (n = 1727)
PPR 95% C.I PPR 95% C.I PPR 95% C.I PPR 95% C.I PPR 95% C.I PPR 95% C.I
Sex
Boy 2.58 1.77, 3.76 **** 2.67 1.41, 5.09 ***
Girl Ref. Ref.
Age 1.42 1.19, 1.71 ****
Girl Menstruated in the last 6 weeks
Yes 0.23 0.11, 0.48 **** 0.18 0.06, 0.54 ***
No Ref. Ref.
The adolescent has experienced first
sex
Yes 0.38 0.15, 0.93 *** 0.49 0.23, 1.04 *
No Ref. Ref.
Frequency of fruit intake in the past
week 0.88 0.76, 1.01 * 0.75 0.57, 0.98 **
Frequency of vegetable intake in the
past week 1.13 1.01, 1.28 ** 1.09 1.01, 1.17 **
Empowerment index score 0.82 0.67, 0.99 ** 0.90 0.81, 1.01 *
Ethnicity
Akan 1.64 1.10, 2.44 **
Mole-Dagbani 0.97 0.62, 1.53
Other Ref.
Relation of girl to the household head
Household head 0.91 0.11, 7.17 0.48 0.07, 3.52
Granddaughter/grandson 2.12 1.06, 4.24 ** 1.58 0.78, 3.21
Other family relation 0.63 0.23, 1.74 0.72 0.33, 1.57
Non-family relation 0.19 0.02, 1.46 0.11 0.02, 0.86 **
Daughter/son Ref. Ref.
Marital status




Girls (n = 857) Boys (n = 870) Pooled (n = 1727) Girls (n = 857) Boys (n = 870) Pooled (n = 1727)
PPR 95% C.I PPR 95% C.I PPR 95% C.I PPR 95% C.I PPR 95% C.I PPR 95% C.I
Currently married 0.24 0.08, 0.79 **
Formerly married N/A
Never married Ref.
The highest educational level of girl
No education 4.03 1.89, 8.60 **** 0.65 0.09, 4.57 1.80 0.87, 3.70 0.41 0.05, 3.17 1.14 0.33, 3.90
Primary school 1.81 0.90, 3.64 * 1.78 1.22, 2.59 *** 1.72 1.21, 2.45 *** 2.01 1.10, 3.66 ** 1.82 1.08, 3.10 **
Secondary education/Higher Ref. Ref. Ref. Ref. Ref.
Household size 1.08 1.01, 1.17 **
Water Hygiene and Sanitation index 0.85 0.73, 0.99 **
Household wealth index
Poorest 3.36 1.15, 9.81 ** 1.90 0.86, 4.22
Poorer 5.28 1.93, 14.43**** 3.16 1.39, 7.19 ***
Middle 4.17 1.48, 11.77*** 2.21 0.98, 4.95 *
Richer 2.42 0.85, 6.91 * 1.45 0.62, 3.38
Richest Ref. Ref.
Model fit statistics
Wald test 28.45 **** 5.27 **** 7.37 **** 8.70 **** 3.90 *** 212.08 ****
-2 Log-likelihood ratio 213.09 510.81 824.31 54.10 192.83 277.25
AIC 231.09 528.81 842.31 58.10 208.83 295.25
PPR, prevalence risk ratio; 95% C.I, 95% confidence interval; Ref, Reference group; * p ≤ 0.1; ** p ≤ 0.05; *** p ≤ 0.01; **** p ≤ 0.001; N/A unreliable estimate as none of the formerly married
was stunted.
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Table 3. Multivariate Predictors of Overweight and Pre/Hypertension: A Comparative Analysis for Adolescent boys and girls from the 2014 Ghana Demographic
Health Survey (GDHS) Data.
Variables
Overweight/Obesity Pre-Hypertension/Hypertension
Girls (n = 857) Boys (n = 870) Pooled (n = 1727) Girls (n = 857) Boys (n = 870) Pooled (n = 1727)
PPR 95% C.I PPR 95% C.I PPR 95% C.I PPR 95% C.I PPR 95% C.I PPR 95% C.I
Sex
Boy 0.15 0.08, 0.29 **** 1.95 1.47, 2.59 ****
Girl Ref. Ref.
Age 1.15 1.05, 1.26 *** 1.11 1.03, 1.19 ***
The adolescent has a child
Yes 0.26 0.11, 0.61 *** 2.10 0.79, 5.61
No Ref. Ref.
An interaction term for
having a child * female sex 0.10 0.03, 0.38 ****
Frequency of watching
television in the past week 0.72 0.57, 0.90 ***
Empowerment index 1.31 1.02, 1.68 ** 1.30 1.04, 1.62 **
Had coffee in the past 10 min
Yes 3.64 2.56, 5.19 ****
No Ref. Ref.
Relation of girl to the
household head
Household head 1.69 1.12, 2.54 ***
Grand daughter 0.89 0.50, 1.61
Other family relation 1.32 1.01, 1.74
Non-family relation 0.74 0.31, 1.77
Daughter/Son Ref.
Marital status
Currently married 0.65 0.23, 1.86




No education 0.50 0.15, 1.66 0.80 0.38, 1.67
Primary school 1.59 1.01, 2.48 ** 1.04 0.76, 1.43
Secondary education/Higher Ref. Ref.
An interaction term for
highest educational level *
sex
Girl * No education 0.76 0.22, 2.12




Girls (n = 857) Boys (n = 870) Pooled (n = 1727) Girls (n = 857) Boys (n = 870) Pooled (n = 1727)
PPR 95% C.I PPR 95% C.I PPR 95% C.I PPR 95% C.I PPR 95% C.I PPR 95% C.I
Boy * Primary school 1.62 1.01, 2.62 **
Household owns land for
agriculture
Yes 0.59 0.39, 0.90 ***
No Ref.
Sex of household head
Male 0.75 0.57, 0.99 **
Female Ref.
Household wealth index
Poorest 0.21 0.10, 0.41 **** 0.21 0.03,1.56 0.19 0.10, 0.36 **** 2.24 1.25, 4.03 *** 2.20 1.26, 3.83 ***
Poorer 0.15 0.07, 0.35 **** 0.07 0.01,0.57 ** 0.13 0.06, 0.29 **** 1.32 0.69, 2.53 1.48 0.79, 2.76
Middle 0.51 0.28, 0.93 ** 0.15 0.03,0.88 ** 0.43 0.25, 0.74 *** 1.10 0.59, 2.06 1.25 0.76, 2.06
Richer 0.78 0.48, 1.28 0.59 0.14,2.44 0.76 0.46, 1.25 1.60 0.87, 2.93 1.46 0.92, 2.32
Richest Ref. Ref. Ref. Ref. Ref.
Agro–ecological zone
Coastal savannah 0.34 0.11,1.00 ** 1.00 0.75, 1.33 1.01 0.76, 1.32
Guinea/Sudan savannah 0.31 0.05,2.15 0.55 0.37, 0.81 *** 0.61 0.42, 0.88 ***
Forest Ref. Ref. Ref.
BAZ category
Underweight 0.86 0.21, 3.53 1.11 0.64, 1.92 1.00 0.61, 1.65
Overweight 1.69 1.06, 2.70 ** 1.72 0.96, 3.07 * 1.76 1.20, 2.58 ***
Normal weight Ref. Ref.
Model fit statistics
Wald test 9.37 **** 3.20 *** 16.61 **** 4.65 **** 8.03 *** 5.00 **
−2 Log-likelihood ratio 417.67 77.80 540.65 528.98 984.81 1696.00
AIC 431.67 89.80 552.65 542.98 1014.81 1730.00
PPR, prevalence risk ratio; 95% C.I, 95% confidence interval; Ref, Reference group; * p ≤ 0.1; ** p ≤ 0.05; *** p ≤ 0.01; **** p ≤ 0.001; BAZ, body-mass-index for-age z-score.
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3.3. Factors Associated with Malnutrition
Compared to having secondary/higher education, no education and primary education were
consistently associated with a higher risk of stunting for both adolescent boys and girls, but the
association was stronger for girls than boys (Table 2). Similarly, compared to the fifth quintile of the
HWI, adolescent boys in the first three quintiles were more likely to be stunted in all models. In the
pooled model, the association between the HWI and stunting was attenuated with only the second
quintile risk remaining statistically significant. Table 2 also shows that a unit increase in the WASH
index was associated with a 15% lower risk of stunting for adolescent boys. Adolescent boys from the
Akan ethnicity were meaningfully more likely to be stunted compared to those from other ethnicities
(PRR = 1.64, 95% C.I (1.10, 2.44)). Among, adolescent girls, the risk of stunting was markedly lower for
currently married girls compared to never-married girls (Table 2).
Furthermore, girls who menstruated in the last six weeks preceding the survey compared to those
who did not were 77% less likely to be stunted (PRR = 0.23, 95% C.I (0.11, 0.48)). Moreover, the risk of
stunting was significantly higher for adolescent girls for a unit increase in age. While a unit increase
in the frequency of vegetable consumption in the past week was associated with an increased risk
of stunting for girls, a unit increase in the frequency of fruit consumption in the last week seemed
protective for them. In the pooled model, the effect of the frequency of vegetable consumption was still
significant though attenuated. Lastly, a unit increase in the empowerment index was protective of
stunting in the statistical model for the adolescent girls and remained significant in the pooled model,
although attenuated (Table 2).
Table 2 also shows that fruit consumption (PRR = 0.75, (95% C.I (0.57, 0.98)] and menstruation six
weeks before the survey (PRR = 0.18, (95% C.I (0.06, 0.54)) were protective of underweight adolescent
girls. In the pooled model and that for adolescent boys, the risk of underweight was significantly
lower when the adolescent had experienced sex compared to those who were yet to experience sex.
Compared to being a daughter/son of the household head, the risk of underweight was significantly
higher when the adolescent was a grandson (PRR = 2.12, 95% C.I (1.06, 4.24)) but significantly lower
when the adolescent was a non-family relation in the pooled model (PRR = 0.11, (95% C.I (0.02, 0.86)]
(Table 2). Furthermore, a unit increase in household size increased the risk of underweight by 8%
for adolescent boys. Lastly, adolescent boys with primary school education compared to those with
secondary/higher education were about twice likely to be underweight; in the pooled model, the
association was attenuated.
Overall, the risk of overweight/obesity was consistently lower for adolescents from households
in the first three quintiles of the HWI compared to the fifth quintile in all statistical models, and the
association was strongest for girls but not boys (Table 3). Table 3 further shows that married adolescent
girls had a higher risk of overweight/obesity compared to never-married adolescent girls (PRR = 3.53,
95% C.I (1.86, 6.69)). The risk of overweight/obesity increased by about 30% for a unit increase in the
empowerment index in the pooled model, and in the model for adolescent girls (Table 3). Compared to
adolescent boys in the forest zone, those in the coastal savannah zone seemed to have a lower risk of
overweight/obese (PRR = 0.34, 95% C.I (0.11, 1.00)).
3.4. Factors Associated with Cardiovascular Risk
Table 3 also shows that the risk of PHH was significantly lower among adolescent girls for a unit
increase in the frequency of watching TV in the past week and when the girl ever had a child compared
to those who never had. However, adolescent girls who had primary education compared to those
who had secondary/higher education were more likely to be PHH (PRR = 1.59, 95% C.I (1.01, 2.48)).
An interaction term of sex and education in the pooled model showed that the effect of education
was only significant for adolescent girls compared to boys. Ownership of agriculture land by the
household appeared protective of PHH for adolescent girls. Furthermore, overweight adolescents
were consistently more likely to be PHH compared to normal-weight adolescents in all statistical
models (Table 3). In the pooled model as well as the model for adolescent boys, the risk of PHH
Nutrients 2020, 12, 2737 16 of 23
was significantly higher for those in the poorest HWI compared to the wealthiest HWI. Similarly,
adolescent boys in the Guinea/Sudan Savannah zone compared to the forest zone were significantly
less likely to be PHH; the association remained in the pooled model, although attenuated. Finally,
the consumption of coffee 10 min beforehand, the survey increased the risk of PHH by more than three
times for adolescent boys.
3.5. Model Fit and Sensitivity Analysis
The model fit statistics showed that all models were statistically significant. Lastly, the sensitivity
analysis using linear regression showed a similar trend in the risk among adolescent boys compared to
girls as well as the factors associated with malnutrition and PHH among adolescents (Tables S4 and S5).
Notably, the interaction terms for HWI and sex was statistically significant for HAZ and SBP with boys
having significantly lower HAZ and a higher SBP for the lower HWI quintiles compared to the highest
quintile. Likewise, girls who ever had a child had a significantly lower HAZ, and a unit increase
in the empowerment index increased the HAZ of girls significantly. Lastly, while the experience of
sex increased the SBP of girls significantly, the consumption of coffee by boys also increased their
SBP significantly.
4. Discussion
The present study compared the risk of malnutrition and PHH among adolescent boys and girls
and the factors associated with these risks in Ghana. Overall, adolescent boys were more than twice
likely to be stunted and underweight compared to their female peers. Madjdian and cohort [5] found
that studies with a significant association between nutritional status and sex point to adolescent boys
being worse off than girls in terms of stunting and underweight; partly attributed to boys’ later and
"sudden" growth spurt [31]. In addition, males are also known to have a high risk for infections [32];
a higher infections risk may increase their risk of undernutrition and may partly account for our
findings. Intra-household food distribution in Ghana does not favour girls [33] but Dapi et al. [34]
argue that girls are often involved in cooking and shopping and might eat in between meals and
during cooking; resulting in better nutritional intake for girls compared to boys.
In conformity with several other studies [7,9,11,34], adolescent males were less likely to be
overweight/obese compared to their female colleagues. Generally, adolescent girls in Ghana are
known to have less physical activity [12,15] and to have unhealthier eating habits than boys [14];
partially explaining our finding. According to Moubarac et al. [13], the increasing consumption of
nutrient-poor, energy-dense snacks, highly processed foods, sugar-sweetened beverages, and onvenient
roadside foods (fast-foods) are linked with the emergence of overweight and obesity; this may also
partially account for our finding. In the present study, we could not substantiate the findings of
Moubarac et al. [13] as the 2014 DHS data did not include food intake or snacking habits. Nevertheless,
a recent study in the Bekwai Municipality of Ghana indicated that snacking before bed increased the
odds of overweight/obesity by more than ten times for 5–17 years children; girls were more overweight
(19.4% vs. 7.6%, p < 0.001) and obese (10.2% vs. 7.3%, p = 0.177) compared to boys in this study [35].
The data on physical activity in the present study may not well reflect the usual physical activity
behaviour of our sample. Accordingly, it was not surprising that physical activity did not appear as an
important factor in any of our models. Even so, more adolescents boys were found to engage in some
form of physical activity ten minutes prior to the BP assessment. In general, the cultural context in
Ghana does not promote much aerobic outdoor games for girls.
Overall, Ghana is presently in the nutrition transition, mirrored in the changing dietary behaviours
with more consumption of refined foods, especially in the urban areas [36]. This may partly account
for the emergence of overnutrition in our sample. Although a higher frequency of the consumption
of fruits and vegetables in the last week may partly explain healthy dietary behaviour, none were
essential correlates of overweight/obesity in our models. However, a unit increase in the frequency
of fruit consumption was protective of underweight and stunting for girls. Remarkably, an inverse
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association was found for the frequency of vegetable consumption and stunting for girls. In Ghana,
fruits are often consumed as snacks and desserts, but vegetables are commonly consumed as soups
and sauces alongside the staple foods. Hence, a high frequency of vegetable intake may represent
compensation for reduced calorie intake, especially in settings where food insecurity is prevalent.
For instance, in a group of eighth-grade children in the USA, Howard [37] found that children with very
low household food security consumed a significantly higher number of servings of carrots. Similarly,
Stevens and colleagues [38] reported that the peak of household food insecurity corresponded with
higher consumption of dark green leafy vegetables and vitamin A-rich fruits/vegetables in a group
of Bangladeshi pregnant women. The former may also explain that boys had a higher frequency of
vegetable consumption as their calorie requirements are higher. Nonetheless, fruits and vegetables are
rich sources of vitamins and minerals and are linked to improved health outcomes [39].
Considering that over a tenth of the adolescent girls in our study were either overweight or obese,
there is a need to institute intervention programmes for the prevention of overnutrition for adolescents,
particularly girls. Adolescent overweight/obesity is a known risk factor of obesity in adulthood and
diabetes, hypertension, asthma, lower extremity venous oedema, and obstructive sleep apnoea in later
life [40]. In our study, being overweight/obese increased the risk of PHH for both adolescent boys and
girls. The mechanism of hypertension in overweight/obesity seems to be related to increased sodium
sensitivity and the increment of sympathetic nervous system activity [17]. The only data in the DHS
on salt intake for our sample related to the household consumption of salty foods in the last 24-h,
which was not an important covariate of BP or PHH in our analysis. The SAFC in our analysis was
only a proxy of the salt intake of our sample and did not sufficiently represent individual salt intake.
Although the SAFC included some commonly consumed salty foods in the Ghanaian context, it fails to
include all salty foods extensively, quantify the amount of salt consumed from these foods and as well
capture the habitual intake of these salty foods. Of particular interest are modifiable factors such as high
alcohol intake and high levels of substance use [17], which we could not verify in our data. Considering
that only a small fraction (0.2%) of the adolescent boys smoked ten minutes prior the BP assessment,
smoking behaviour may well not be an important covariate for our sample; it was thus neither a
correlate of BP nor PHH in our analysis. Even physical activity ten minutes before the BP assessment
was not a relevant correlate of BP in our present study, which may yet be that it did not reflect their
usual physical activity level. Overall, the positive association between overweight/obesity and PHH in
our analysis emphasises the need for public health intervention programmes to curtail overnutrition.
Interestingly, despite the 85% lower risk of overweight/obesity for adolescent boys, they were
found to have a higher average SBP, with a higher risk of PHH compared to their female peers;
confirming the findings Afrifa–Anane et al. [12] in Ghana. According to Abeelen et al. [41], inadequate
maternal dietary intake during pregnancy is associated with higher hypertension risk among men but
not women; they maintain that the nutrition of boys in utero is more dependent on the mother’s diet in
pregnancy. Lassi and colleagues in Bundy et al. [42] also argue that stunted children and adolescents
have higher rates of later arterial hypertension. They argue that undernutrition in childhood and
adolescence results in constant physiologic and psychologic stress, increasing the production of
stress hormones that weaken the body and decreasing the production of thyroid hormones and
insulin-like growth factor that regulates growth. In a follow-up study in the Netherlands, Rotteveel
and colleagues [43] showed that young adults born preterm have lower insulin sensitivity and higher
blood pressure; low-birthweight and being born preterm are both determinants of stunting and
underweight [44]. The above may partly account for the increased risk of PHH for adolescent males in
our present study since they also had a higher risk of stunting and underweight.
Albeit, the proportion who consumed coffee ten minutes prior the BP assessment was slightly
higher for girls compared to boys (1.1% vs. 0.4%, p = 0.16), adolescent boys who consumed coffee
ten minutes before the assessment had a higher BP and an increased risk of PHH. Caffeine increases
systemic vascular resistance through its ability to block adenosine receptors, and thereby increasing
BP [45]. Furthermore, the total amount of caffeine rather than whether the adolescent consumed coffee
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or caffeine is more relevant [45]; however, we could not evaluate this with our data. TV watching is a
known risk factor for overweight but was protective of PHH for adolescent girls in the present study.
In our analysis, the frequency of TV watching was somewhat lower for girls compared to the boys and
may account for the finding.
Conversely, it may be that girls who watched TV frequently were better informed about healthy
behaviours. Gyamfi et al. [35] recently found TV watching protective of overweight/obesity in southern
Ghana. Like Zimmerman and Bell [46], Gyamfi and colleagues [35] argued that the content of TV
shows rather than TV watching itself is associated with poor nutrition outcomes since adolescents
who watch educative programmes may be more educated. Nonetheless, we could not explore this
further with the available data.
Our findings also suggest that girls are more at risk of the detrimental effects of poor education on
stunting and PHH compared to their male peers. Generally, education is a proxy of socioeconomic status
and empowerment [47], and more educated girls are more likely to be empowered. Adolescent girls
who are more empowered can better take independent decisions, participate in key decision-making
processes and have more control over household resources; significantly impacting her nutrition and
health-seeking behaviours [23]. The preceding also explains that more empowered girls had a reduced
risk of stunting in our study. Contrarywise, highly empowered girls, may have more purchasing power
and may be more likely to consume the energy-dense, sugar-sweetened beverages and “fast-foods”
earlier mentioned. The former comparatively accounts for the increased risk of overweight/obesity
for a unit increase in the empowerment index for the adolescent girls in our analysis. In our analysis,
a unit increase in the mean household years of education was associated with an increase in SBP for
boys comparable to the HWI in our pooled model (results not shown). However, we excluded the
mean household years of education from the SBP pooled model as it was correlated with the education
of the adolescent and the HWI in particular; affirming that education is reflective of socioeconomic
status. Additionally, girls who lived in households with agricultural land were less likely to be PHH,
which may also be that such girls have easy access to agricultural land and are accordingly more
economically empowered and less stressed in their livelihoods.
In the present study, a poor HWI was associated with an increased risk of stunting and PHH for boys
but a reduced risk of overweight/obesity for girls in conformity with several other studies [5–7,10,11].
In general adolescents from poorer households are more likely to have inadequate dietary intake and
with a low-purchasing power, may also be less likely to consume “fast-foods” and sugar-sweetened
drinks and snacks. While persistent inadequate dietary intake may increase their risk of stunting,
reduced calorie intake from the “fast-foods” and snacks may also reduce the risk of overweight/obesity.
Contrariwise, those from low socioeconomic households may have poor access to health services,
and may thus be more susceptible to poor health, including hypertension. The increased risk of
stunting and PHH with a poor HWI for adolescent boys may as well be attributed to their susceptibility
to poor health in such conditions. Improvements in household sanitation and hygiene are known to be
associated with improved health and nutrition outcomes [48,49]. It was therefore not surprising that
a higher WASH index was protective of stunting for the boys. While this finding may be affirming
the susceptibility of males for infections [32], it also suggests improving WASH conditions may offer
long-term beneficial effects for nutrition outcomes.
In our study, the risk of overweight/obesity was higher when a girl was formerly married compared
to being never married. Considering the cross-sectional design or our analysis, the finding may be
a reverse causality as studies have shown that heavier girls are more likely to be married earlier
compared to their lighter peers [5]. Heavier girls may have better development of secondary sex
characteristics, signalling readiness for sexual activity and childbearing [5,50].
Furthermore, the risk of overweight/obesity was lower for adolescent boys in the coastal savannah
zone compared to the forest zone; which may slightly be explained by the differences in cultural dietary
patterns, poverty, and food security by ecological zones in Ghana [51,52]. For instance, the Coastal
Savannah zone is next to the Guinea/Sudan savannah zone in the prevalence of food insecurity [51] and
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poverty [52] in Ghana. In their analysis of food consumption patterns in Ghana, Ecker and Fang [36]
observed that Ghana’s regions are at different stages of the nutrition transition and this was partly
attributed to inequality in household income and food insecurity in the different regions. Lastly,
adolescent males who were household heads were more likely to be PHH compared to those who were
sons of the household head; this could somewhat be explained by the stress involved in catering for a
household affecting their health negatively.
In addition to our present findings, adolescent girls remain a vulnerable group in Ghana with
disadvantages in intra-household food distribution and resource allocation [33], sexual violence and
exploitation [53], poor education [54], more substantial burdens in their time use and less income [55].
These deprivations are known to have intergenerational effects with the nutrition and health of the
adolescent girl [56], which may explain that the focus of most nutrition and public health intervention
programmes for adolescents in Ghana has mostly been on girls. Nevertheless, our findings may
be emphasising the need to include adolescent boys alongside girls in nutrition and public health
intervention programmes, ensuring a holistic improvement in the nutrition situation and consequently
reducing the health care expenditure. Moreover, there is emerging evidence that there may be some
paternal intergenerational effects on the health and nutritional status of the offspring [57].
Overall, the prevalence rates of malnutrition for this sample suggest a double burden of
malnutrition with an upcoming diet-related non-communicable disease burden in Ghana. According to
Hawkes et al. [58], a focus on the undernutrition burden of malnutrition may raise risks of poor-quality
diets, obesity, and diet-related non-communicable diseases in countries undergoing a rapid nutrition
transition. They argue that a more holistic approach is to simultaneously tackle both undernutrition
and problems of overweight, obesity, and diet-related non-communicable [58]. Considering that Ghana
is presently in the nutrition transition, this holistic approach including both under- and over-nutrition
programs is required to make a meaningful impact; schools may be a viable place for such comprehensive
school-based health intervention programmes. Wei et al. [59] recently reported the approach effective
in reducing stunting and illness among 4–16 years Zambian children.
It was not feasible to map the trend, and determinants of malnutrition and cardiovascular
risk among the adolescents in this analysis since only the 2014 survey included anthropometry of
male adolescents aged 15–19 years. More so, data on BP was only available in the 2014 survey.
Similarly, the present study did not compare anaemia risk as none of the DHS surveys has data on the
haemoglobin status of adolescent boys. Additionally, the 2014 DHS did not include any data on dietary
diversity; hence, we could not model dietary diversity in any of our statistical analyses. Nonetheless,
the inclusion of the frequency of the consumption of fruits and vegetables in the past week may partly
account for the adolescents’ dietary intake and dietary quality.
Some aspects of the DHS data, such as the frequency of the consumption of vegetables and
fruits, may be subject to recall bias as this information was based on recalls. Although we could
not account for this bias, the bias seems random and may be less likely to influence our conclusions.
Inference of a possible causality in this analysis may be speculative since the DHS survey employed a
cross-sectional study design. Hence, our findings are limited to the description of observed associations.
Nevertheless, we thoroughly modelled several potential explanatory variables, including subject and
household-related variables through robust statistical models with weighting, while accounting for the
complex survey structure in the DHS data using the PROC SURVEY function in SAS [30]. Lastly, the use
of two different statistical models as in Cox proportional hazard models and linear regression ensured
that we minimised any methodological-related biases while accounting for all possible explanatory
variables that were available.
5. Conclusions
The present study has shown that Ghanaian adolescent boys are more than twice likely to be stunted,
underweight, and pre-hypertensive/hypertensive compared to their female peers. However, adolescent
girls were more likely to be overweight/obese compared to their male colleagues. Girls were more at risk
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of the detrimental effects of poor education on stunting and PHH. Empowerment, as measured by the
empowerment index while protective of stunting for girls, also increased their risk of overweight/obesity.
Our findings indicate that improving HWI increases the risk of overweight/obesity for adolescent girls
but reduces the risk of stunting and PHH for adolescent boys. Improvement in household WASH
conditions may have more beneficial effects on the nutrition of adolescent boys.
Overall, the prevalence rates of malnutrition and PHH for this sample suggest a double burden
of malnutrition with an up-coming non-communicable disease burden and a holistic approach
including both under- and over-nutrition programmes are required to make a meaningful impact.
Notably, the positive association between overweight and PHH emphasises the need for public health
intervention programmes to curtail overnutrition; such programmes may include the promotion of
physical activity and healthy dietary behaviours. Our findings may also be highlighting the need to
target adolescent boys alongside girls in nutrition and health intervention programmes.
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